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In the title compound, C31H28N2O, the dihedral angles formed 
by the imidazole ring with the three aryl substituents are 
18.52 (8) and 85.56 (7) and 85.57 (7)°, respectively In the 
crystal, molecules are linked by O— H- ■ N and C— H- ■ O 
hydrogen bonds into chains parallel to the a axis. 

Related literature 

For the synthesis and properties of chiral ionic liquids, see: 
Ohvier-Bourbigou et al. (2010); Chen et al. (2008); Mao et al. 
(2010). 




Experimental 

Crystal data 

C31H28N2O 
M, = 444.55 
Orthorhombic, F2{2{2i 



V = 2519.5 (3) A' 
Z = 4 

Cu Ka radiation 

Data collection 

Agilent Xcalibur Eos Gemini 

diffractometer 
Absorption correction: multi-scan 

(CrysAlis PRO; Agilent, 2011) 

r„,i„ = 0.866, r„^„ = 1.000 

Refinement 

R[F^ > 2a{F^)] = 0.037 

wR(F^) = 0.098 

5 = 1.03 

4441 reflections 

313 parameters 

H atoms treated by a mixture of 
independent and constrained 
refinement 



Table 1 

Hydrogen-bond geometry (A, °). 



jtt = 0.55 mm 
r = 291 K 

0.25 X 0.20 X 0.20 mm 



9302 measured reflections 
4441 independent reflections 
4007 reflections with / > 2a(l) 
Ri„, = 0.027 



Ap„ax = 0.12 e A7 

Apmin = -0.13 e A"' 

Absolute structure: Flack (1983); 

1887 Friedel pairs 
Flack parameter: —0.1 (3) 



D-H-A 


D-H 


H- ■ A 


D- ■ A 


D- 


H - .4 


Ol-Hl-Nl' 


0.82 (3) 


2.01 (3) 


2.825 (2) 


174 


(3) 


C16-H16-01" 


0.93 


2.56 


3.272 (3) 


133 




Symmetry codes: fi) x 


-1, ->'+i-zH 


- 1; (ii) .x + l,y, z. 









a = 9.3413 (7) A 
b = 13.7402 (11) A 
c = 19.6296 (14) A 



Data collection: CrysAlis PRO (Agilent, 2011); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
OLEX2 (Dolomanov et al, 2009); software used to prepare material 
for publication: OLEX2. 

The authors thank Ms Y. Zhu for technical assistance. This 
research was supported by the National Natural Science 
Foundation of P. R. China (Nos. 20902017 and 21172055). 

Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: RZ2683). 



References 

Agilent (2011). CrysAlis PRO. Agilent Technologies Ltd, Yarnton, England. 
Chen, X., Li, X., Hu, A. & Wang, E (2008). Tetrahedron Asymmetry, 19, 1-14. 
Dolomanov, O. V., Bourhis, L. J., Gildea, R. J., Howard, J. A. K. & Puschmann, 

H. (2009). J. Appl. Cryst. 42. 339-341. 
Flack, H. D. (1983). Acta Cryst. A39, 876-881. 

Mao, P., Cai, Y., Xiao, Y, Yang, L., Xue, Y. & Song, M. (2010). Phosphorus 

Sulfur Silicon Relat. Elem. 185, 2418-2425. 
Olivier-Bourbigou, H., Magna, L. & Morvan, D. (2010). Appl. Catal. A, 373, 1- 

56. 

Sheldrick, G. M. (2008). Acta Cryst. A64, 112-122. 



o264 Xiao et a/. 



doi:10.1107/S160053681 1054766 



Ada Cryst. (2012). E68, o264 



supplementary materials 



supplementary materials 



Acta Cryst. (2012). E68, o264 [ doi:10.1107/S1600536811054766 ] 
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Y. Xiao, L, Yang, K, He, J. Yuan and P. Mao 

Comment 

Ionic liquids (ILs) have received considerable interest in the fields of synthesis, analysis and catalysis due to their unique 
properties (Olivier-Bourbigou et al, 2010). Chiral ionic liquids (CILs) derived fi-om naturally abundant precursors have 
also attracted much interest (Chen et al, 2008). Our group is interested in the preparation and application of imidazole 
derived CILs (Mao a/. , 20 1 0), and we observed that the condensation reaction between Z-phenylalaninol (easily available 
from //-phenylalanine), dibenzoyl, 4-methylbenzaldehyde and ammonium acetate afforded the title compound, a multi-aryl 
substituted imidazole derivative containing an appended chiral functionality. The chiral C22 carbon atom maintains the S 
configuration observed in Z-phenylalaninol. 

The molecular structure of the title compound is shown in Figure 1. As expected, the imidazole core (N1/C7/C8/N2/C24) 
is essentially planar. The dihedral angles formed by the imidazole ring with the three aryl substituents are 18.52 (8) (C1-C6), 
85.56 (7) (C9-C14) and 85.57 (7)° (C25-C30), respecdvely. In the crystal structure, molecules are hnked by O— H--N and 
C — H ' O hydrogen bonds (Table 1) into chains parallel to the a axis. 



To a solution of Z-phenylalaninol (15.1 g, 0.1 mol) in MeOH (50 ml) in an ice-bath, a molar equivalent of dibenzoyl, 
4-methylbenzaldehyde and ammonium acetate were added. The mixture was kept stirring in the ice-bath until all the solids 
were dissolved before being heated to 60°C for 5 h. The mixture was then cooled to room temperature and the solvent was 
removed by evaporation. The residue was washed with H2O to obtain the crude product. Crystallization of the crude product 
in EtOH afforded colourless crystals of the title compound. 



The hydroxyl H atom was located in a difference Fourier map and refined freely. All other H atoms were placed in calculated 
positions with C— H = 0.93-0.98 A and refined as riding, with C/iso(H) = 1.2C/eq(C) or 1.5(7eq(C) for methyl H atoms. 



Experimental 



Refinement 



Figures 




Fig. 1. The molecular structure of the title compound showing 30% probability displacement 
ellipsoids. Hydrogen atoms are omitted for clarity. 
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2-(4,5-Diphenyl-2-p-tolyl-1 H-imidazol-1 -yl)-3-phenylpropan-1 -ol 



Crystal data 
C31H28N2O 
M;.= 444.55 
Orthorhombic , P2 1 2 1 2 1 
Hall symbol: P 2ac 2ab 
a = 9.3413 (7) A 
ft = 13.7402(11) A 
c= 19.6296 (14) A 

F=2519.5(3)A^ 
Z = 4 



7^(000) = 944 

Dx= 1.172 Mgm"^ 

Cu Ka radiation, X = 1 . 54 1 8 A 

Cell parameters from 3569 reflections 

e = 3.2-67.0° 

II = 0.55 mm ' 

r=291 K 

Prismatic, colourless 
0.25 X 0.20 X 0.20 mm 



Data collection 

Agilent Xcalibur Eos Gemini 
dififractometer 

Radiation source: Enhance (Cu) X-ray Source 
graphite 

Detector resolution: 16.2312 pixels mm"' 

CO scans 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2011) 

r„i„ = o.866,rmax= 1.000 

9302 measured reflections 



4441 independent reflections 

4007 reflections with /> 2a(I) 
/?i„,= 0.027 

emax = 66.9°, e^„ = 3.9° 
;! = -9^11 

A: = -16^13 

Z = -21^23 



Refinement 
Refinement on 
Least-squares matrix: full 

/?[i^>2a(i^)] = 0.037 

wR{I^) = 0.098 
5=1.03 
4441 reflections 

313 parameters 



Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = l/[aVo^) + (0.0481P)^ + 0.1385P] 



where P = (Fo^ + 2FcV3 
(A/a)max< 0.001 

Apmax = 0.12eA"3 

Apmin = -0.13 C A"^ 

Extinction correction: SHELXL97 (Sheldrick, 2008), 
Fc'=kFc[l+0.001xFcV/sm(2e)]""'* 
Extinction coefficient: 0.0029 (2) 

methods Absolute structure: Flack (1983); 1 887 Friedel pairs 

Secondary atom site location: difference Fourier map Flack parameter: -0.1 (3) 



0 restraints 

Primary atom site location: structure-invariant direct 
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Special details 

Geometry. All e.s.d's (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d. 's involving l.s. planes. 

Refinement. Refinement of against ALL reflections. The weighted /{-factor wR and goodness of fit S are based on F^, convention- 
al /{-factors R are based on F, with F set to zero for negative f". The threshold expression of > a(i^) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of refiections for refinement, /{-factors based on are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 
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0.0677 (13) 


0.0595 (11) 


A AAAT /I 'TX 

0.0997 (17) 


A AAAT /lAX 

-0.0002 (10) 


A AA/; 1 /I TX 

0.0061 (12) 


A A 1 "TA /■ 1 1 \ 

0.0179 (11) 


C27 


0.0852 (16) 


0.0605 (12) 


0.1136(19) 


-0.0212 (12) 


-0.0098 (14) 


0.0231 (12) 


C28 


0.1010 (17) 


0.0450 (9) 


0.0716 (12) 


-0.0019 (11) 


-0.0277 (12) 


0.0060 (8) 


C29 


0.0806 (14) 


0.0497 (10) 


0.0788 (13) 


0.0136(10) 


-0.0095 (11) 


0.0008 (9) 


C30 


0.0617 (11) 


0.0486 (9) 


0.0731 (11) 


0.0009 (9) 


-0.0096 (9) 


0.0038 (8) 


C31 


0.167 (3) 


0.0480 (12) 


0.131 (3) 


-0.0091 (17) 


-0.024 (2) 


0.0048 (13) 



Geometric parameters (A, °) 



01— C23 


1.395 (3) 


C15— C16 


1.382 (4) 


01— HI 


0.82 (3) 


C15— C20 


1.375 (3) 


Nl— C7 


1.379 (2) 


C16— H16 


0.9300 


Nl— C24 


1.312(2) 


C16— C17 


1.366 (4) 


N2— C8 


1.387 (2) 


C17— H17 


0.9300 


N2— C22 


1.483 (2) 


C17— C18 


1.365 (4) 


N2— C24 


1.366 (2) 


C18— H18 


0.9300 


CI— HIA 


0.9300 


C18— C19 


1.384 (3) 


CI— C2 


1.385 (3) 


C19— H19 


0.9300 


CI— C6 


1.388 (3) 


C19— C20 


1.383 (3) 


C2— H2 


0.9300 


C20— C21 


1.503 (3) 


C2— C3 


1.358 (4) 


C21— H21A 


0.9700 


C3— H3 


0.9300 


C21— H21B 


0.9700 


C3— C4 


1.369 (4) 


C21— C22 


1.534 (2) 


C4— H4 


0.9300 


C22— H22 


0.9800 


C4— C5 


1.383 (3) 


C22— C23 


1.515 (3) 


C5— H5 


0.9300 


C23— H23A 


0.9700 


C5— C6 


1.381 (3) 


C23— H23B 


0.9700 


C6— C7 


1.478 (2) 


C24— C25 


1.489 (2) 


C7— C8 


1.371 (2) 


C25— C26 


1.379 (3) 


C8— C9 


1.487 (2) 


C25— C30 


1.379 (3) 


C9— CIO 


1.386 (3) 


C26— H26 


0.9300 


C9— C14 


1.382 (3) 


C26— C27 


1.384 (3) 


CIO— HIO 


0.9300 


C27— H27 


0.9300 


CIO— CI 1 


1.387 (3) 


C27— C28 


1.370(4) 


Cll— Hll 


0.9300 


C28— C29 


1.370 (4) 


Cll— C12 


1.368 (4) 


C28— C31 


1.515 (3) 
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pi 7 Ml 7 


\j.y D\j\j 


C12 — C13 


1.355 (5) 


C13 — ^H13 


0.9300 


C13 — C14 


1.388 (3) 


C14 — H14 


0.9300 


C15 — H15 


0.9300 


C2j — (Jl — nl 


111 o /I n\ 

iii.o (iyj 


C24 — JN 1 — C / 


1 A/; QA /"n^ 
iUO.oU (ii) 


C5 — JN / — C2z 


IT/I 11 /'1'3\ 

iz4.i i (ii) 


Cz4 — JNz — Co 


iUO. / / (^iij 


L.z4 — ^JNz — L.II 


1 OA AiC /I 

izy.Uo (iij 


/^O XJ1 A 

L.I — Ci — HI A 


1 1 A 

iiy.o 


/"'o /"'I /^/; 
Cz — CI — Co 


1 OA OA /I A\ 

izu.oy (iyj 


CD — CI — MIA 


1 1 O ZC 

i iy.o 


/^O XJ'^ 

Ci — Cz — Hz 


1 1 A T 

iiy. / 


r^i /^o 

Ci — Cz — CI 


izU.O (ZJ 


r^'^ xjT 
Cj — Cz — Hz 


1 1 A T 

iiy./ 


TUT 

Cz — CJ — Hj 


1 TA T 

izU.i 


Z^*? 

C2 — C3 — C4 


1 1 A /I /"ON 

119.4 (2) 


r^A /^i Ul 
C4 — Ci — Hi 


1 T A 1 

izU.i 


/^l U/l 

Ci — C4 H4 


1 1 A "7 

iiy. / 


/"■Q /""/I r^z 
Ci — C4 — CD 


1 OA "7 

izU. / (Z) 


/"'/I XJ/1 

Cj — C4 — H4 


1 1 A O 

iiy. / 


/"'/I t~^Z \JZ 

C4 — Cj — H5 


1 1 A /; 

i iy.o 


/"'^C /"'^ /"'/I 

Co — CD — C4 


1 OA O /'0\ 

izU.o (ZJ 


r^a xjc 
Co — CD — Hi 


1 1 A 

iiy.o 


/-^i /-'/r /^n 

CI — CO — c / 


iiy. 00 (ioj 


/~^z f^a /"'I 
CD — Co — C 1 


1 1 T /;o /I T\ 
ii /.OS (i /) 


r^z r^i^ r^n 
CD — Co — C / 


1 oo /"\ n\ 
izz.oD l) 


XT1 r^n r^t^ 
JN i — C / — CO 


1 1 A /I A /"I /1\ 

iiy.4y (i4j 


C^o r^n XT1 
Co — C / — JN 1 


1 AO 00 /"l 

iuy .zz (i4j 


r^o r^n /^/c 
Co — C / — Co 


ITI 0'3/'1C\ 

iii.zi (iD) 


r^o r^o 

JNz — Co — cy 


101 11 f^l A\ 

izi. /i (i4J 


r^O TVTO 

C7 — Co — N2 


1 n£ 1 A /"I A\ 

lUo.lU (14) 


f^n f^Q f^d 

c / — Co — cy 


110 1/1 /1C\ 

iiz.i4 (iD) 


clu — cy — Co 


1 OA 1 O /I 

izU.iz (i /) 


C14 — cy — Co 


1 OA AA 1 0\ 

izu.yu (io) 


C14 — cy — ciu 


1 1 o oo /I o\ 

iio. / / (ioj 


cy — C 1 U — H 1 U 


1 1 A A 

i iy.y 


r^n 1 A 1 1 

cy — ciu — cii 


1 OA 1 /OA 

IzU.i (I) 


1 A XJ1 A 

Cii — CiU — ^HiU 


1 1 A A 

iiy.y 


A 1 XJ1 1 

CiU — Cii — ^Hii 


1 1 A O 

iiy. / 


/"'IT /"'ll /"'lA 

Ciz — Cii — CiU 


1 OA /C t1\ 

IzU.o (ij 


Ciz — Cii — ^Hi i 


119.7 


Cll— C12— H12 


120.3 


C13— C12— Cll 


119.4(2) 


C13— C12— H12 


120.3 


C12— C13— H13 


119.4 


C12— C13— C14 


121.3 (3) 
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P7Q H7Q 

\^z.y — nz.y 




(229 — C30 


1.384 (3) 


C30 — H30 


0.9300 


C31 — H31A 


0.9600 


C31 — H31B 


0.9600 


C31 — H31C 


0.9600 


/"'lO /^10 U10 

C 1 0 — C 1 / — H i / 


1 OA 0 

IZU.i 


/~^1 0 /^1 O XJ1 o 

Ci / — Clo — Hio 


1 1 A A 

iiy.y 


Ci / — Clo — ciy 


1 OA O /'0\ 

IZU. 2 (Z) 


/"'lA /"'lO TUI O 

ciy — Clo — Hio 


1 1 A A 

iiy.y 


/^10 /^1A XJ1 A 

cio — Ciy — Hiy 


1 1 A "5 

iiy.i 


/~^OA /^1A /~^1 O 

czu — c i y — c i 0 


1 0 1 1 /o\ 
izi.i (z) 


/"'OA 1 A U1A 

czu — c i y — H i y 


1 1 A 0 

i iy.i 


1 < r^OA 1 O 

c i D — Czu — c i y 


1 1 o o /o\ 
i i i.Z (Z) 


/^1 C /^OA /^01 

C i D — CzU — Cz i 


1 oo 'yi /I o\ 
IZZ.ii (io) 


/^1A /^OA /^01 

c i y — CzU — Cz i 


1 OA Al /I 0\ 

izU.4i (io) 


/^OA /^01 U0 1 A 

CzU — Cz i — Hz i A 


1 AO O 

iUo.o 


/^OA /^0 1 U0 1 ID 

CzU — Cz i — Hz i ri 


1 AO O 

lUo.o 


/^OA /^01 /^OO 

CzU — Cz i — Czz 


11-5 /^A /I A\ 

ili.o4 (i4) 


XJO 1 A r^o 1 UO 1 D 

xlziA — Czi — HzihS 


1 AO O 

iU/. / 


/^OO /^01 U0 1 A 

Czz — Cz i — Hz i A 


1 AO O 

iUo.o 


/^OO /^01 U0 1 TD 

Czz — Cz i — Hz i hi 


1 AO O 

IUo.o 


XTO /^OO /^0 1 

JN Z — Czz — Cz i 


1 1 O /I c\ 

iiZ.Di (ID) 


"\TO /^OO UOO 

JNz — Czz — ^Hzz 


1 A/; 0 
iUo.i 


MO /^OO /^0'3 

JNz — Czz — Czi 


111 oo /I 0\ 

ili.io (li) 


/^01 /^OO UOO 

Czi — Czz — Hzz 


1 A/C O 

iUo.i 


/^0'3 /^OO /^01 

Czi — Czz — Cz i 


110 oo /I /l\ 

iii.i / (14) 


/^OO /^OO UOO 

Czi — Czz — Hzz 


1 A/; 0 
iUo.i 


/~\l /^oo r^oo 
(J 1 — Czi — Czz 


1 AA /; C 1 c\ 

iUy.oD (ID) 


/^1 /^Ol UO'3 A 

U i — Czi — ^Hzi A 


1 AA O 

iuy. / 


U i — Czi — ^HzirJ 


1 AO O 

iuy. / 


/^OO /^OO UOO A 

Czz — Czi — HziA 


1 AA O 

iuy. / 


/^OO /^OO UOOD 

Czz — Czi — HzirJ 


1 AA O 

iuy. / 


UO"! A /^0'2 UOID 

HziA — Czi — xlzirs 


1 AO O 

lUo.z 


Ml /^0/1 XTO 

JN i — Cz4 — INz 


111 10/1/1\ 

ii 1. Iz (i4) 


Ml /^0/1 /^OC 

JN i — Cz4 — CzD 


loo o/; /i/i\ 
izz. /O (i4) 


MO r^O/1 r^o^ 
JN z — Cz4 — Cz D 


IO/; 1A/^1/1\ 

izo.iU (i4) 


/^OiC /^OC /^O/l 

Czo — CzD — Cz4 


1 1 A /;0 /I 0\ 

iiy.oz (io) 


r^in /^oc /^o/l 
CiU — CzD — Cz4 


1 oo A 1 /I 0\ 

izZ.Ui (i /) 


/^OA /^OC /^Oz; 

CiU — CzD — Czo 


1 1 o oo /I o\ 
iio.zo (1 /) 


/^OC /^OiC UO/C 

CzD — Czo — rizo 


1 1 A O 

iiy.o 


r^o^ r^o/: r^oo 
CzD — Czo — Cz / 


1 OA A /'0^ 

izU.4 (z) 


/^oo /^o/; UO/: 
Cz / — Czo — Hzo 


1 1 A O 

i iy.o 


/^O/I /^OO TTOO 

Czo — Cz / — Hz / 


119.2 


C28— C27— C26 


121.6(2) 


C28— C27— H27 


119.2 


C27— C28— C29 


117.69 (18) 


C27— C28— C31 


121.9(3) 


C29— C28— C31 


120.4 (3) 
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C14 — Cli — HI J 


1 iy.4 


/^n /"^ 1 /I /"^ 1 "5 

Cy — C14 — C13 


1 1 n o 
liy.O (3) 


/^ft /I XJ1 /I 


1 OA 1 


1 a xji a 


1 1A 1 


i^lC uic 


1 1 n 1 

1 iv.z 




1 1 n T 

1 ly.z 




191 S 

i-Z. i .J ^^Z, J 


C15 — C16 — ^H16 


119.9 


C17 — C16 — C15 


120.3 (2) 


C17 — C16 — H16 


119.9 


C16 — C17 — ^H17 


120.3 


C18 — C17 — C16 


119.4 (2) 


"\Ti t~^n r^o ATT 
JN 1 — C / — Co — iNz 


All /I A\ 

— U.il yVy) 


"\T1 /~"7 r^O 


1 /^n i 1 o\ 
1 / /.OV (,loj 


Ml r^'^a 


oz.y {1} 


Ml /^O/l /^Irt 




ATT /^O 1 A 

JNz — CS — CV — ClU 


QA 1 

o4. / (z) 


JN z — Co — cy — C 1 4 


AC /I /">\ 

— yj.4 \i) 


JN Z — Czz — Czi — U 1 


iCI AT /I A\ 

oi.u/ (lyj 


JNz — L,z4 — LZJ — CZD 


AC T /">\ 

— Vj-Z (Z) 


JNz — Cz^l Cz5 — CjU 


OS. 4 (Z) 


/""T /""Q /""/I 

C 1 — Cz — C J — C4 


1.4 (5) 


Ml 

CI — Co — C / — JN 1 


1 T 1 /1\ 

-17.1 (3) 


/"'I r^n r^Q 
CI — Co — C / — Co 


1 CA O 

1 jy.o (z) 


/"'I r^c 
Cz — C i — Co — C J 


-0.5 (3) 


r^a r^n 
L.I — C 1 — Co — C / 


1 TA 1 

i /y.z (zj 


r^o /^i r^A r"^ 
Cz — Cj — C4 — CD 


-1.3 (0) 


/"'I /"'/I r^c 
Cj — C4 CD — Co 


0.3 (5) 


r^A C^c r^f^ /"ii 
C4 C J — CO — C 1 


O.D (4) 


r^A r^t^ r^n 
C4 — C J — CO — C / 




f^i^ r^n Ml 
CD — CO — C / — ^JN 1 


ioz.o (ZJ 


t~^z f^i^ f^n /~^o 
CD — Co — C / — Co 


TA C 

— ZU.j (3) 


Co — C 1 — Cz — C J 


-0.5 (4) 


r^n r^o mi 
Co — C / — Co — JNz 


1 T7 CA /I 0\ 

— 1 / /.DU (loj 


r^n r^t> r^n 

Co — c / — Co — cy 


0.5 (3) 


r^n Ml r^'y A mt 
C / — JN 1 — Cz4 — JN z 


0.1 (2) 


t~^n Ml A r^^z 
C / — JN 1 — Cz4 — Cz D 


1 HQ T A / 1 

—1 /o.zy (1 /) 


r^n r^o r^c\ a 

c / — Co — cy — c i u 


A'5 1 

-93.1 (3) 


r^n r^Q r^n t^^^ a 

c / — Co — cy — c 1 4 


OO.O (Z) 


Co — JNz — Czz — Cz 1 


11/1 T 1 /I '7\ 
1 14.Z1 (1 /) 


Co — JNz — Cz2 — Cz j 


1 1 T T 1 /I "TA 
— ii /.Zl (1 /) 


Co — JNz — Cz4 — ^JN 1 


-0.3 (2) 


Co — JN / — Cz4 — Cz D 


1 /o.Ui (1 /) 


C8— C9— CIO— Cll 


178.86(17) 


C8— C9— C14— C13 


-178.9 (2) 


C9— CIO— Cll— C12 


0.1 (3) 


CIO— C9— C14— C13 


1.0(3) 


CIO— Cll— C12— C13 


1.0(4) 



/~">0 /^TA TUTA 

czo — czv — Hzy 


1 1 A O 

1 ly.z 


r^'to r^'tCi r^if\ 
Cz 5 — Czy — C3 u 


1 O 1 <c /o \ 
IZl.O \L) 


/^"iA /^1A XJOA 

C3U — Czy — rily 


I 1 A O 

II y.z 


/^"iA /^1A 

CzD — C3U — Czy 


1 OA /I /0\ 

lzU.4 (zJ 


/~">C /^TA TUIA 

CZj — C3U — hl3U 


1 1 A O 

1 ly.o 


/~">A /^TA LJTA 

Czy — C3U — xi3U 


1 1 A O 

uy.o 


P9R P'^l Wl A 


1 00 ^ 


C28 — C31 — H31B 


109.5 


C28 — C31 — H31C 


109.5 


H3 1 A — C3 1 — H3 IB 


109.5 


H31A — C31 — H31C 


109.5 


H31B — C31 — H31C 


109.5 


1 o i /^i a 
Cll — Clz — C13 — C14 


1 ^ ( A\ 

-1.1 (4) 


c 1 z — c 1 3 — c 1 4 — cy 


A 1 ( A\ 

0.1 (4) 


A r^Ci i a i i 

c 14 — cy — c 1 u — c 1 1 


-1.1 (3) 


r^i^ r^i/i r^n r^io 
Clj — Clo — CI / — Clo 


A n (z.\ 
0.7 (5) 


C 1 J — CzU — Cz 1 — CzZ 


AT 1 /'0\ 

97.1 (2) 


1 1 C /^1A 1 A 

c 1 o — c 1 J — CzU — c 1 y 


1 ^ ( A\ 

1.1 (4) 


C 1 0 — C 1 J — CzU — Cz 1 


1 oo o /o\ 
—1 /o.o (zj 


/"'I/; f^^n /^io /^iA 

c 1 o — c 1 / — c 1 o — c 1 y 


A O ( A\ 
— U.O (4) 


1 "7 1 O 1 A /^TA 

c 1 / — c 1 o — c 1 y — CzU 


1 1 

1.1 (4) 


/"^ 1 O 1 A /^TA 1 C 

c 1 o — c 1 y — CzU — c 1 J 


1 O /QA 

-1.2 (3) 


^^^o ^^^c\ /^oa /^o i 
C 1 o — C 1 y — CzU — Cz 1 


1 oo o /o\ 

1 /o. / (z) 


c 1 y — CzU — Cz 1 — CzZ 


OO O /"OA 

— oZ.o \l) 


CzU — C 1 J — C 1 0 — C 1 / 


A A /CA 

-0.9 (5) 


CzU — Czl — Czz — JNz 


CA c\n /I A\ 

— o4.y/ (lyj 


i^OA /^OO /^TJ 

CzU — Cz 1 — Czz — Cz3 


lo/.jl (ijj 


Cz 1 — CzZ — Cz3 — U 1 


1 /CO o 1 ( ^ A\ 
— loo.ol (14) 


CZZ — JNZ — Co — C / 


1 / /.O / 


y^LL — JN z — c o — cy 


-0.6 (3) 


Czz — JNz — Cz4 — JN 1 


—1 / /.41 (loj 


CzZ — JNZ — Cz4 — Czj 


A A (1\ 

0.9 (3) 


A Ml r^n r^c 
CZ4 — JN 1 — C / — Co 


1 OO 11 ( 1 

i 1 1 .16 (loj 


/^o/i XT1 r^o 
Cz4 — JN 1 — C / — Co 


A O /0\ 

U.z yl) 


Cz4 — PsIZ — Co — C / 


r\ 1 A /"I A\ 
U.34 (ly) 


r^'> A MO /^o r^(\ 

Cz4 — JN z — c o — c y 


1 "T"? AO / 1 /C\ 

—1 / /.yz (Id) 


f~^'> A MO /^OO /^O 1 

Cz4 — JNz — CzZ — Cz 1 


/CA 1 /0\ 

— oy. 1 (z) 


i^O/I MO i^OO i^Ol 

Cz4 — JN z — Czz — Cz 3 


jy.D (Z) 


A /^OC f^'>C /^OT 

Cz4 — Cz J — Czo — Cz / 


1 "TA O /"OA 

—1 /y.z (Z) 


f~^'^A /"'OC /"'lA /"'OA 

Cz4 — Cz D — C3 U — Czy 


1 OA /C/C /I 0\ 

1 /y.Do (lo) 


/^OC /^OiC /^OT /^OO 

CzD — Czo — Cz / CZ6 


0.3 (4) 


/^OiC /^OC /^"iA /^OA 

Czo — CzD — C3 u — Czy 


3.2 (3) 


/^O/C /^OT /^OO /^OA 

Czo — Cz / — Czo — Czy 


1.6 (4) 


C26— C27— C28— C31 


-178.1 (3) 


C27— C28— C29— C30 


-1.0(3) 


C28— C29— C30— C25 


-1.4(3) 


C30— C25— C26— C27 


-2.7 (3) 


C31— C28— C29— C30 


178.7 (2) 
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Hydrogen-bond geometry (A, °) 

D—n-A D— H n-A D-A D—R-A 

01— Hl-Nl' 0.82(3) 2.01 (3) 2.825 (2) 174(3) 

C16— H16-01" 0.93 2.56 3.272 (3) 133 

Symmetry codes: (i) x-l/2, -y+l/2, -z+1; (ii) x+\,y, z. 
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